Dairy cattle reared in western Kenya are exposed to medium to high levels of trypanosomosis risk. The social background, farm characteristics and dairy cattle productivity of 90 and 30 randomly selected farmers from medium-and high-risk trypanosomosis areas, respectively, were compared. All the 120 farmers were visited between July and August 2002. Data analysis was performed using descriptive statistics and analysis of variance. The results showed that increased trypanosomosis risk represented by an increase in disease prevalence in cattle of 1 % to 20 % decreased the density of dairy cattle by 53 % and increased the calving interval from 14 to 25 months. The increased risk was also associated with a significant increase in cattle mortalities and in a lactation period of 257 to 300 days. It was concluded that removal of the trypanosomosis constraint on dairy production would lead to expansion of dairying since the domestic demand for dairy products is expected to increase.
INTRODUCTION
Dairy production in Kenya is dominated by smallholder farmers who contribute about 85 % of total milk produced (Peeler & Omore 1997) . It is estimated that the dairy herd in Kenya comprises about 3 million head of cattle, of which 2.5 million are owned by smallholders numbering about 650 000 (MoA 1996) . This implies that this sector employs many people who derive a regular source of income and have a balanced nutrition. The sector is a catalyst for economic development and, when compared to other agricultural activities, it has higher financial returns (McIntire, Bourzat & Pingali 1992) .
Dairy cattle production constraints have been extensively described by various authors (Stotz 1983; Moll, Lohding & Young 1984; Maloo, Thorpe, Ngumi & Perry 1994; Peeler & Omore 1997) . These studies have identified livestock diseases as one of the major constraints to dairy production in Kenya. Major diseases cited are tick-borne diseases (TBDs) and trypanosomosis. Some field studies have attempted to ascertain the actual incidence and impact of TBDs on dairy production (Gitau, O'Callaghan, McDermott, Omore, Odima, Mulei & Kilungu 1994; Maloo et al. 1994) . However, there exists only very limited information that measures the losses associated with trypanosomosis and the benefits that can accrue after its effective control (Mbogoh & Mukhebi 1997) . This study provides some information on the losses associated with trypanosomosis among dairy farmers in western Kenya which could be used in designing sustainable strategies for managing the disease in future control programmes in this region.
MATERIALS AND METHODS

Study area
The study region was stratified into two zones having different levels of trypanosomosis risk based on the prevalence of the disease in cattle for the period 1996-1999. It was assumed that the trypanosomosis risk prevailing between these years influenced production decisions of the subsequent years under study. Following the outbreak of bovine trypanosomosis in western Kenya in the late 1980s (Angus 1996) , the Kenya Trypanosomiasis Research Institute (KETRI) initiated routine trypanosomosis surveillance studies in this region, under a larger programme that was funded by the Department for International Development (DfID) of the United Kingdom (KETRI 1994) . Under this programme cattle, randomly sampled in selected villages on a quarterly basis, were screened for the presence of trypanosome parasites, using the standardized protocols for the microhaematocrit centrifugation-buffy coat technique, and thick and film blood smears (Woo 1969) . On the basis of this data, this investigation categorized the study region into zones of medium and, from which farmers were sampled for data collection. A sampling frame consisting of dairy farmers in each zone was constructed with the assistance of local animal health and provincial administration staff and village elders. The medium risk zone consisted of three administrative divisions with an estimated area of about 377 km 2 and had 238 dairy farmers. The high-risk zone comprised one administrative division with an area of about 92 km 2 and had 39 dairy farmers. From this list of farmers, 120 were randomly sampled, 90 being from the mediumrisk zone and 30 from the high-risk area. The sample size was determined by resource availability. Information on each of these trypanosomosis risk zones is given in Table 1 .
Data collection
Each of the 120 farms was visited once between July and August 2002. During the visit, a comprehensive pre-tested questionnaire was administered. Data were collected on the individual farmer and farm characteristics, cattle nutrition and grazing management, farm enterprises, farm inputs and revenues, and general livestock management issues. A detailed account of each commodity produced on the farm listing all inputs and their costs, outputs and prices was tabulated. Data on the management practices were verified by physical inspection of assets and farm records at the time of the interview. All the farmers under survey were enrolled under the National Dairy Development Project (NDDP), and farm kept records detailing milk production, fertility performance and mortalities.
Data analysis
Descriptive statistics were used to describe and summarize dairy cattle density and productivity indicators. Analysis of variance was used to compare productivity of livestock under different levels of trypanosomosis risk. Productivity analysis was based on the premise that improved livestock health management may increase productivity of cattle (CARD 1989; Mugunieri, Omiti & Irungu 2004) . The impact of trypanosomosis risk on the success that cattle keepers have achieved while engaging in dairy production can be obtained by:
(a) Comparing the peak milk output per animal under different trypanosomosis risk
All other factors being equal between the two zones, the peak milk output per animal was taken as a proxy for productivity of animals reared by farmers under varying trypanosomosis risk levels. The measurements of milk production were obtained from the records kept by farmers, all of whom were enrolled under the NDDP. The peak milk output average (for all animals kept) was compared across the two trypanosomosis risk levels.
(b) Calculating the calving rate under different trypanosomosis risk conditions
This study estimated the ratio of births to the number of adult females in the herd in each calendar year between 1999 and 2002. This was named the "calving rate" (CR). CR = LB/AF, where CR = calving rate, LB = number of births in a specified period and AF = number of adult females in the herd in a specified time period.
(c) Comparing dairy cattle densities under different trypanosomosis risk
The number of dairy animals per farmer was estimated over a period of 3 years (1999, 2000 and 2001) . The average of the annual means for the 3 years expressed as total livestock units (TLU) was taken as the average number of dairy animals per farmer. The computation of the TLU was based on figures in ILCA (1990) . This was then multiplied by the total number of farmers engaging in dairying to yield the approximate total number of dairy animals for each region. The ratio between this computed value and size (area) of the region in km 2 gave an indicator of the dairy cattle density (DCD) per km 2 for each trypanosomosis risk region.
RESULTS AND DISCUSSION
Farmer and farm characteristics under varying trypanosomosis risk
The farmer and farm characteristics across the two trypanosomosis risk zones are given in Table 2 .
Farmers were on average 47 years old and owned 6.6 acres of land. There were no significant differences in distances to the nearest market and artificial insemination or breeding bull services across the two trypanosomosis risk zones.
There were no significant differences in the number of visits made to attend to TBDs. There was also 100 % positive response with regard to use of acaricides in the management of ticks. This implied that TBDs may not have been confounding factors in variation in productivity and practices between the two risk zones. Trypanosomosis treatment visits were also not significantly different between the two risk areas, but there appeared to have been a more rigorous application of insecticides for vector control in the high-risk areas. It was difficult to compare the costs incurred in treatment of these ailments as farmers were served by different cadres of veterinary personnel who charged different fees even for similar recorded cases.
The predominant grazing system practised in the high-risk trypanosomosis area was a small-scale, intensive grazing system, alternatively called the zero-grazing system. This system was used by 28 % and 87 % of farmers in the medium-and highrisk areas, respectively. The remainder of the farmers used the semi-intensive system that is also called the paddock-grazing management (Peeler & Omore 1997) .
The zero-grazing system was developed in Kenya to solve the constraint of land scarcity and improve milk production (De Jong 1996) intensive grazing systems in the form of construction of dairy cattle housing units, when an opportunity existed to use the less capital-intensive system by utilizing the most abundant resource (land). The use of the zero-grazing system when land was not a constraint, acted as an insurance against increased production risk by minimizing animal-tsetse contact. This implied that dairying became an enterprise for households with higher income, which was supported by the fact that off-farm income of dairy farmers in high-risk trypanosomosis areas was significantly higher.
Dairy cattle density, calving rate and milk productivity
The average dairy herd size was 3.2 animals (SD = 2.4) ( Table 3) The herd consisted mainly of mature cows, heifers and calves. The DCD was 1.5 TLU in the mediumrisk areas compared to 0.98 TLU in the high-risk zone. The mean peak milk output per animal (computed as the mean of peak milk yield attained per cattle) was significantly higher (P < 0.05) for the high-risk trypanosomosis area. Based on the computation of the calving rate, an average of 0.8 births per female per year was recorded for the mediumrisk trypanosomosis areas as compared to 0.5 births per female per year for the high-risk areas. This translated to a calving interval of 14 months for the medium-risk as compared to 25 months for the highrisk areas. Consequently, the average lactation period for cattle in the medium-risk area was significant-
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The differences in the peak milk output per day attained between the two trypanosomosis risk zones could be due to two factors. This could be a proxy of the quality of animals reared between the two zones. Alternatively, the quality of animals could have been the same but differences in productivity could be due to the intensive production systems employed by farmers in the high-risk area. The longer lactation period and higher mortality rates in the high-risk areas may have been due to the impact of the disease. This is in concordance to the knowledge that increase in trypanosomosis risk often prolongs the calving interval due to abortions, early embryonic deaths and silent heat (Swallow 2000) .
Other factors that might influence the calving interval, such as physical access to breeding services (artificial insemination and bulls), were not significantly different.
CONCLUSION
The dairy sector in Kenya is the most developed in eastern and central Africa, making the country self sufficient in major dairy products, except in periods of drought (Omiti & Muma 2001) . However, it is projected that by the year 2010, demand for dairy products will outstrip supply if urgent measures to sustain growth in production are not undertaken (Peeler & Omore 1997) . Expanding production in areas with potential that are currently under-exploited provides one of the avenues to increase production. Trypanosomosis is one of the major constraints limiting production in these areas. This study has shown that trypanosomosis risk alters the grazing management system used and makes dairy farming expensive. Increased trypanosomosis risk represented by an increased prevalence of 1 % to 20 % decreased the density of dairy animals by about 53 % and was associated with an increase of calving interval from about 14 to 25 months among the dairy farmers.
The most common method used for the control of tsetse flies by dairy farmers was insecticide application (pour-on preparations) on their cattle. Trypanocidal drugs were the main control method used in management of the disease. Farmers stocked these drugs, which animal health personnel used for treating their animals. The private use of drugs to control trypanosomosis has become popular among the farmers in most trypanosomosis-endemic areas of Kenya (ILRAD 1994; Mugunieri & Murilla 2003) . In addition, the use of insecticide-treated cattle has also become very common, unlike the use of artificial baits (traps and targets), which have not gained popularity in the absence of concerted support from governmental or non-governmental organizations (Eisler, Torr, Machila, Coleman & Morton 2002) . It is suggested that this contrast reflects, at least in part, the differences in public and private benefits.
On the one hand, use of drugs confers an entirely private benefit, which is immediately effective even when a single farmer treats a single cow. On the other, the benefits of artificial baits are largely public and only realized when large numbers of individuals work in a concerted manner over a large area for a relatively long period. Application of insecticides on cattle has a mix of public and private benefits. Capitalizing on the perceived private and visible benefits of insecticide-treated cattle; this approach can be promoted for wide application to complement the use of drugs in the management of trypanosomosis. It is recommended that appropriate means of promoting its use by farmers and rural communities should be devised by the government. This will not only ameliorate the risk imposed by trypanosomosis on farmers currently undertaking dairying, but will see expansion of the enterprise to ensure that the country remains self-sufficient in the dairy products.
